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[57] ABSTRACT

A distribution network power line communication 'sys'--: B

tem which is divided into addressable communication
zones defined by repeaters located at the distribution o
transformers of the distribution network. Each re-
peater, when uniquely addressed by an interrogation
signal from an interrogating source, strips its address
from the interrogation signal and sends the resulting
modified interrogation signal to its associated remote

communication terminals, by-passing the associated

~ distribution transformer. A timely, error-tree response

signal from a remote communication terminal is modi-

fied by a repeater to include the repeater address, and
the modified response signal is sent back to the inter-

" rogating source. The binary base band interrogation
and response signal information is preferably pulse
width modulated to provide a self clocking format,
and this self clocking signal is passed through two
stages of frequency modulation to provide a signal
which makes the receivers thereof substantially im-
mune from drift.

63 Claims, 7 Drawing Figures
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DISTRIBUTION NETWORK POWER LINE
COMMUNICATION SYSTEM INCLUDING
ADDRESSABLE INTERROGATION AND
RESPONSE REPEATER

BACKGROUND OF THE INVENTION

1. Field of the Invention: |

The invention relates in general to power line carrier
communication systems, and more specifically to distri-
bution network power line carrier systems for perform-
ing distribution automation functions.

2. Description of the Prior Art: |

Power line carrier communication has been used for
many years over high voltage transmission lines be-
tween the power generating site and power transmis-
sion switching site or distribution substation sites, for
supervisory control purposes. Less common 1s commu-
nication over the power line conductors of a distribu-
tion network, from the distribution substation through
the distribution transformers to the electrical load.
Communicating over the distribution network power
lines is more difficult than over the high voltage trans-
mission lines, as the distribution lines, along with the
large number of distribution transformers, present poor
high frequency impedance characteristics which rap-
idly attenuate the communication signals, as well as
introducing electrical noise and signal interference.

The recent increase in the desirability of performing
certain distribution automation functions, such as auto-
matic reading of utility meters, selective load control,
performing load continuity checks, and the like, has
made it attractive to use the distribution power line
conductors for communications, but the problems con-

nected therewith will have to be economically dealt
with in order to provide a practical system. |
U.S. Pat. Nos. 3,656,112; 3,702,460 and 3,815,119;
and co-pending application Ser. No. 425,759, and now
abandoned, filed Dec. 18, 1973, all disclose some form
of communication via the distribution network of an
electrical utility. U.S. Pat. No. 3,656,112 discloses a
communications system which uses a combination of
electric power line and wireless. The wireless link 1s
used to by-pass distribution transformers and other
obstructions located in the transmission path. U.S. Pat.
No. 3,702,460 discloses making the neutral conductor
of the distribution power line available as a communi-
cation link by inserting a parallel resonant circuit be-
tween the neutral and ground, at each ground point in
the system. The neutral-ground communication circuit
by-passes distribution transformers. U.S. Pat. No.
3,815,119 uses the power line conductors on the secon-

dary side of a distribution transformer to transfer the

various meter readings associated with the secondary
to a common receiver point, where the readings are
stored until they can be read, such as by a mobile unit
which periodically travels near the receiver site and
interrogates the site by a wireless link. The co-pending
application, which is assigned to the same assignee as
the present application, provides communication zones
by using repeaters as frequency translators, isolating
various seciions of the distribution power line system
by using different frequencies. |

SUMMARY OF THE INVENTION

Briefly, the present invention is a new and improved
distribution network power line communication system
for performing distribution automation functions, such
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as automatically reading utility meters, making service
continuity checks, and selectively controlling the elec-
trical loads. The electrical distribution network 1n-
cludes a substation, primary power line conductors
from the substation to a plurality of distribution trans-
formers, and secondary power line conductors from the
distribution transformer to a plurality of electrical
loads.

Interrogation and response communication links are
provided which extend between a central communica-
tion terminal located at the substation and remote com-
munication terminals located at the electrical loads.
These communication links utilize the primary and
secondary power line conductors of the electrical dis-
tribution system. The communication links are divided
into addressable zones by signal and frequency transiat-
ing repeaters located at the distribution transformers.
The repeaters provide logic and storage functions, they
change the frequency of a signal received from the
central communication terminal at the substation, or
from one of its associated remote communication ter-
minals, to a frequency band which is non-overlapping
with the band of the received signal, they prevent the
failure of a remote terminal in the “on’” mode from
tying up the whole system, and, at least in the interroga-
tion communication link, they by-pass the distribution
transformers. | |

The central communications terminal at the substa-
tion receives an interrogation signal from a central
control location by conventional means, such as via a
telephone line, and using this signal as a modulating
wave, sends the interrogation signal to the addressable
repeaters over the primary line conductors. The inter-
rogation signal includes first and second addresses, the
address of a repeater, and the address of a remote
communication terminal associated with that repeater,
respectively. If more than one automation function
may be performed, the interrogation signal also In-
cludes a function identifier. '

A repeater which is uniquely addressed by an error-
free interrogation signal, modifies the interrogation
signal by removing its address therefrom, 1t sends the
modified interrogation signal to its associated remote
communication terminals over the secondary power
line conductors, it enables a response receiving channel
of the repeater for a time sufficient to receive the re-
sponse signal from the uniquely addressed remote com-
munication terminal, and it stores the address of the
remote communication terminal it is expecting a re-
sponse signal from. o

A remote communication tefminal which 1s uniquely
addressed by an error-free modified interrogation sig-
nal decodes the function identifier, it performs the
requested function, and it provides a response signal on
its associated secondary power line conductors, which
response signal includes at least the address of the
responding remote communication terminal, and 1f the
requested function was to read a utility meter, the sig-
nal includes data representing the reading. .

If the repeater receives an error-free response from
the proper remote communication terminal within the
prescribed time, the repeater modifies the response
signal by adding its address thereto and it sends the
modified response signal to the central communication
terminal. The repeater may by-pass the associated dis-
tribution transformer in the response communication
link, if desired, but in the preferred embodiment the
repeater sends the modified response signal to the cen-
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tral communication terminal through the windings of

the associated distribution transformer.

The central communication terminal, upon recewrng“

an error-free modified response signal sends the modi-

fied response signal to the central control location by

conventional means, such as via a telephone link.

Each transmission of a signal over power line con-
ductors by the central communication terminal, repeat-
~ ers, and remote communication terminals, preferably
utilizes a new and improved two stage frequency modu-
lation which makes the receiver of such signal substan-
tially immune from drift. Also, at least certain of the
transmissions of the interrogation and response signals
are preferably preceded by a pulse width modulation
stage which converts the binary base band information
Into a binary signal having a self clocking format.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may be better understood, and further
advantages and uses thereof more readlly apparent,

when considered in view of the followin g detailed de-
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electrical, gas and water meters, and/or it may request
the performance of other functions such as controlling
non-critical loads. Electrical loads, such as electrically
operated hot water heaters, may be selectively turned
off and enabled, in order to provide a more constant
overall demand for electrical power. Load continuity

“checks and service dlsconnect functlons may also be

| prowded

10
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The interrogation signals which are prepared by con-
trol 14 are sent by any conventional means to a se-
lected distribution substation. Each of the substations
to be communicated with include a central communi-
cation terminal for receiving interrogation signals from,
and for sending response signals to, the source 12 of
interrogations signals located at the central or main
control location. For purposes of example, FIG. 1 illus-
trates a single central communication terminal/distri-
bution substation combination 16, as each such combi-
nation would be of like construction.

A convenient medium for communicating between

-~ the source 12 at the main control location and the

- scription of exemplary embodiments, taken with the' .

accompanylng drawings, in which: |

FIG. 1 1s a block diagram of a power line dlStI‘lblltIOIl
‘communication system constructed accordlng to the
teachings of the invention; |

23

FIG. 2 i1s a block schematlc dlagram which may be ..

used for the parallel to serial converter and pulse width
modulation stage shown in FIG. 1; |

- FIG. 3 is a block schematic diagram of the mterroga-
tion channel of a repeater which may be used in the
repeater shown in FIG. 1;

FIG. 4 1s a block schematrc diagram of a remote

30

communication terminal which may be used for the

remote communication terminals shown in FIG. 1;
FIG. 5 is a block schematic diagram of a response

channel of a repeater which may be used In the repeat— .

ers shown 1n FIG. 1;
FIG. 6 1s a graph whlch 1llustrates the format of the

various interrogation and response sugnals used in the
-power line distribution commumcatlon system shown

in FIGS. 1-5; and |
FIG. 7 1s a graph which illustrates wave forms of

signals which aid in the understanding of the operatlon
of power line communication system shown in FIGS

- 1-5.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to the drawings, and FIG. 1in particu- _

lar, there is shown a block dlagram of a new and 1m-
proved distribution power line carrier communication
system 10 constructed according to the teachings of the

invention. Certain of the remaining Figures will also be

referred to when describing FIG. 1. For examples,
FIGS. 6 and 7, which illustrate signal formats and wave
forms, respectively, wrll be referred to when approprl-

ate.
The distribution power line carrier communication

system 10 includes a source 12 of interrogation signals.
‘Source 12 includes interrogation and response control
14, such as a digital computer located at the main con-
trol location, such as the central business office of an
electrical utility. The computer may be programmed
for example, to interrogate remote communication
terminals associated with loads connected to the distri-
bution power lines of the electrical utility, to obtain

data relative to the readings of utility meters, such as
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plurality of distribution substations, is by telephone.

The address of each distribution substatlon would be a
telephone number, with the interrogation and response
control 14 gaining access to a selected substation by

'automatlcally dialing its number. In like manner, when

a communication terminal at a substation has a re-
sponse signal for source 12, it would gain access to the
source 12 by automatically dialing the telephone num-
ber associated with the source. A telephone link 1s an
economical and convenient method of communicating
between source 12 and the plurality of substations, and
for purposes of example, it will be assumed that this

-portion of the interrogation and response communica-

tion link is the telephone. However, it is to be under-

stood that this specific link may be wireless, such as
radio or microwave, or any other su1table form of com-

munication.
Each distribution substatlon lncludes one or more;

step-down power transformers, such as transformer 18,

‘which includes primary windings 20 connected to the
“high voltage transmission lines 21, and secondary wind-

ings 22 connected to the primary distribution network.
The primary distribution network will be referred to as
‘the first distribution power line conductors 23. |
The primary distribution network voltage level is
stepped  down to the secondary voltage distribution

level near the connected loads by a plurality of distribu-

tion transformers, such as distribution transformers 24
and 26. Distribution transformer 24 includes primary
windings 28 connected to the first power line conduc-
tors 23, and secondary windings 30 connected to a

secondary distribution network 31 which will be re-
ferred to as the second distribution power line conduc-
“tors. Electrical loads, such as residential customers, are
connected to the second power line conductors 31,

with four electrical loads 32, 34, 36 and 38 being illus-
frated. Each electrical load has an addressable remote

communication terminal associated therewith, with
electrical loads 32, 34, 36 and 38 having addressable

- communication terminals 40, 42, 44 and 46, respec-

65

‘tively. The remote communication terminals are each

connected to the second distribution  power line con-
ductors 31. |

In like manner, distribution transformer 26 includes
primary wmdlngs 48 connected to the first power line
conductors 23, and secondary windings 50 connected

toa secondary dlstrlbutlon network 51, which will be
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referred to as the second distribution power line con-
ductors. Electrical loads, such as load 52, are con-
nected to the power line conductors 51. Electrical load
52 has an addressable remote communication terminal
84 associated therewith, which is connected to the
second power line conductors 51, such as for reading a
meter 56 associated with the load 52, and/or for per-
forming other distribution automation functions.
Each distribution transformer has an addressable
repeater associated therewith, with repeaters 60 and 62
being associated with distribution transformers 24 and
26, respectively. In a preferred embodiment of the
invention, the repeaters are coupled to power line con-
ductors with a unidirectional coupler on the primary
side of the distribution transformer, and by a bidirec-
tional coupler on the secondary side of the transtormer.
Distribution transformer 24 has a unidirectional cou-
pler 64 magnetically coupled to one or more of the first
distribution power line conductors 23 and a bidirec-
tional coupler 66 connected to one or more of the
second power line conductors 31. Distribution trans-

10

15

20

former 26 has a unidirectional coupler 68 magnetically

coupled to one or more of the first power line conduc-

tors 23, and a bidirectional coupler 70 connected to

one or more of the second power line conductors 31.

The distribution power line carrier communication
system 10 is thus divided into addressable zones de-
fined by the uniquely addressable repeaters and the
uniquely addressable remote communication termi-
nals, and each distribution substation is also an address-
able zone of the complete distribution system. When
considering only the communication network which
starts at each substation, one addressable zone includes
a first communication link which extends from the

substation transformer 18 to each distribution trans-

former 24 and 26 over the first power line conductors

23, and another addressable zone extends from each
distribution transformer 24 and 26 to its connected
loads over the second power line conductors 31 and 51,
respectively. - |
When observing the complete communication sys-
tem from an interrogation and response signal view-
point, the interrogation communication link includes
the source 12 of interrogation signals, the communica-
tion link between the source 12 and the central com-
munication terminal 16, such as a telephone link, the
central communication terminal 16, the fiirst power
line conductors 23, a plurality of unidirectional cou-
plers, addressable repeaters and bidirectional coupler
combinations, one for each distribution transformer,
such as the combination which includes unidirectional
coupler 64, addressable repeater 60 and bidirectional
coupler 66, second power line conductors, such as
power line conductors 31, and a plurality of address-
able remote communication terminals associated with
each second power line conductor network, such as

remote communication terminals 40, 42, 44, and 46. It .

will be noted that the distribution transformers are not
part of the interrogation communication link. A re-
sponse communication link extends from each address-
able remote communication terminal, such as remote
terminal 40, over the second power line conductors,
such as conductors 31, via a bidirectional coupler,

25

6

thereof, such as from the secondary windings 30 to the
primary windings 28 of distribution transformer 24,
over the first power line conductors 23 to the central
communication terminal 16 located at the substation,
and then through the telephone link to the interroga-
tion and response control 14 located at the central

control location. |
In this preferred embodiment of the invention, the

interrogation signal by-passes the distribution trans-

formers while a response signal goes through the distri-

bution transformers. This arrangement provides eco-
nomical advantages while circumventing the most trou-

‘blesome attenuation problems. In the interrogation

link, the distribution transformers are located long
distances from the central communication terminal 16
and its associated transmitter, with the amount of at-
tenuation from terminal 16 to each distribution trans-
former being different. Therefore, it is not desirable to
subject this unknown signal strength to the relatively
high attenuating impedance which exists between the
primary and secondary windings of a distribution trans-
former, and the signal is therefore picked up on the
primary side of the distribution transformers. |
A coupler for receiving a signal from a power line -
may be a relatively low cost magnetic field coupler,
which does not require direct contact with the first

- power line conductor means, and thus does not have to

30
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block the flow of 60 Hz current. A coupler for applying
a signal to a power line preferably contacts the power
line to effectively couple the signal to the conductor,
and thus must include a low frequency blocking capaci-

tor. It is more economical to couple the signal into one

or more of the lower voltage second power line con- -
ductors than it is to the first power line conductors.
 The repeaters are located at the distribution trans-
formers and thus when they apply an amplified re-
sponse signal received from a remote communication
terminal back to the second power line conductors, it is
known what signal strength will be applied to the sec-
ondary of the transformer and what signal strength will
appear on the primary side of the transformer for trans-
mission to the central communication terminal 16 over
the first power line conductors. While the attenuating
impedance presented by a distribution transformer to a
communication signal depends upon the specific design
of the distribution transformer, the attenuation from
the secondary to the primary side of the distribution
transformer is usually about one-half the attenuation
from the primary to the secondary side, and this char-
acteristic is used to advantage in the preferred embodi-

‘ments. Also, only one high voltage coupler is required

per primary distribution circuit of the type which physi-
cally contacts the first power line conductors, provid-
ing a substantial savings in the cost of signal couplers..
The addressable repeaters also substantially reduce
the complexity, and therefore the cost, of the remote
communication terminals associated with the electrical
loads, as the addressable repeaters remove their ad-
dress from the interrogation signal before transmitting

~ the interrogation signal to their associated remote com-

through a repeater, and back to the second power line -

conductors via the bidirectional coupler, such as cou-

pler 66, repeater 60, and coupler 60, respectively
through the associated distribution transformer from

the secondary windings to the primary  windings

65

munication terminals. Thus, the bit length of the inter-
rogation signals applied to each remote communication
terminal is substantially reduced, compared with the
original interrogation signal, and the bit capacity of the
devices, such as shift registers and comparators, asso-
ciated with the remote terminals, is reduced accord-

ingly.
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Each remote terminal may add the address of its
repeater to its response signal, as it is less costly to add
bits to a transmitted s:gnal than it 1s to receive and
recognize additional bits in a signal. However, the pre-
ferred embodiment of the invention adds the repeater
address to the response signal in the response channel

of the repeater. This arrangement maintains the con-

cept of minimizing the requirements of a remote com-

munication terminal, and adding equipment to the
addressable repeaters, which arrangement reduces the
system cost since there are many more remote commu-
~ nication terminals than distribution transformers and
- associated repeaters. |

Each transmitting portion of a circuit which prepares
a binary signal for power line carrier transmission,
except the last transmitter which prepares a response
signal for the digital computer located at the source 12
of interrogation signals, preferably includes a pulse
width modulation stage prior to the stages for modulat-
Ing a carrier, in order to convert the binary signal to a
signal which has a self clocking format. Further, each
modulation of the pulse width modulated signal is pref-
erably a two stage modulation which includes a sequen-
t1al tone modulation, preferably in the audio range, and
‘a modulation stage which uses the sequential tone to
- modulate a high frequency carrier. This latter modulat-
ing stage is preferably a frequency shift keying stage,
which switches the carrier between two frequencies at
a rate dependent upon the frequency of the modulating
wave. Thus, the resulting carrier signal i1s dependent
upon the rate of change between two frequencies, and
is not dependent upon the absolute magnitude of a
frequency. A receiver of a signal processed by this two
stage modulation is substantially impervious to drift.

Returning now to the source 12 of interrogation sig-
nals, in addition to the digital computer for preparing
the interrogation signal and receiving the response

10
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- remote communication terminal address and a 3 bit

20

23
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provide an even (or odd, as desired) number of bits at
the logic one level. Predetermined outputs of the di-
vide-by-three counter are applied to a gating arrange-
ment 88 which receives the serial binary base band
signal, divides each bit into three parts, and gates the

‘parity bit into the proper location at the end of each

serial word. The three-part bit always starts with a
positive transition which remains at the logic one level
for the first one-third of the bit; the middle portion of
the bit 1s at the logic level which corresponds to the -
original bit received from the shift register 80; and, the
last one-third of the bit is at the logic zero level. FIG. 6
illustrates the format of the serial word prepared by

shift register 80, with the original serial interrogation

signal being referred to as signal IS1. It will be noted
that signal IS1 includes an 8 bit repeater address, a 5 bit

function identifier, but any suitable number of bits may
be used depending upon the number of repeaters, the

‘maximum number of remote terminals per repeater,

and the maximum number of functions to be per-
formed. FIG. 7 is-a graph which illustrates the binary
nature of the message to be pulse width modulated,
with the message being indicated as a 4 bit message in
order to simplify the graph. The 180 Hz clock pulses
provided by the clock 84 are illustrated, as are the 60

- Hz sychronizing signals provided by counter 82 which

30
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signal, indicated by the interrogation and response

control 14, the central control location also includes a

parallel to serial converter, and as hereinbefore stated,
a pulse width modulator for converting the base band
binary signal to a self-clocking format, which functions
are llustrated at block 72. The resulting seralized sig-
nal has a format which makes it unnecessary to provide
synchronizing and clocking pulses from the computer
for the receiver of the signal. This signal with the self-
clocking format is applied to a data set interface 74,
such a Texas Instrument’s SN75150, and then to a
modem 76. | |

The interrogation and response control 14 prepares
the interrogation signal in parallel form, which signal
“includes the address of the remote communication
terminal which is to be accessed. This address 1s in two
parts. The first part is the address of a repeater which
the remote communication terminal is associated with,
and the second part is the address of a remote terminal
itseif. A function identifier is also included in the inter-
rogation signal when a plurality of automation func-
tions are to be selectively performed. :

A suitable parallel to sernal converter and a pulse
width modulator which may be used for these functions
shown In block 72, are illusirated in detail in FIG. 2.
The parallel signals from the interrogation and re-
sponse control 14 are applied to the parallel inputs of a
shift register 80, and this signal is clocked out serially
by the output of a divide-by-three counter 82 which 1s
driven by a 180 Hz clock 84. A parity generator 86
calculates the parity and adds a bit when necessary to

40
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are applied to shift register 80 for serially clocking the
bits of the interrogation signal from the shift register
80. A synchronizing pulse thus appears at the start of
each original bit and the clock pulses divide the original
bit into three parts. The logic of the gates 88 provides
a logic one when the synchronizing pulse and clock
pulse coincide, the next clock pulse causes the gate to
provide the same signal as the original bit, and the next
clock pulse provides a logic zero. The 4 bit message,
illustrated in FIG. 7 as being a logic zero, a logic one, a
logic one, and a logic zero, appear in pulse width modu-

lated form as ““serial P.W.M. signals” in FIG. 7. The

positive transition at the start of each original bit is
employed by receiver c1rcu1try for synchromzatlen

purposes.

Returning to FIG. 1, the medem 76 establishes a
telephone link with a modem 90 which is part of the
central communication terminal located at the selected
distribution substation. The serial pulse width modu-
lated signal shown in FIG. 7 is converted to a sequential
tone signal by a first modulator 92. A sequential tone
signal, which appears in FIG. 7, adjacent the legend
“1st modulator”, is at a frequency F2, such as 2 KHZ,
when the pulse width modulated signal is at the logic
one level, and at a frequency F1, such as 1| KHZ when
the pulse width modulated sugnal 1s at the logic zero
level.

The sequential tone signal provided by the ﬁrst mod—-
ulator 92 1s applied to a second modulator 94 as the

- modulating wave for a frequency modulated carrier.

60
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The second modulator is preferably the form of modu-
lation known as frequency shift keying, whereby the
carrier frequency f, changes between a frequency f. +
A fand f. — A f at a rate dependent upon the frequency
of the sequential tone modulating wave. Thus, if the
carrier frequency f. 1s 101 KHZ and A fis 1 KHZ, the
carrier would switch between 102 KHZ and 100 KHZ
at the rate of 2. KHZ in response to a 2 KHZ tone, and
between 102 KHZ and 100 KHZ at the rate of 1| KHZ
in response to a 1 KHZ tone. The output of the second
modulator 94 is shown in FIG. 7, with CR2 indicating
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the 2 KHZ change rate responsive to frequency F2 of
the first modulator 92, and with CR1 indicating the 1
KHZ change rate responsive to frequency F1 of the
first modulator 92. Instead of the second modulator 94
being of the FSK type, it may be of the frequency mod-
ulation or phase types in which the instantanecous fre-
auency or phase of the sine wave carrier differs from
the carrier frequency or phase by an amount propor-
tional to the value of the modulating wave.

The output of the second modulator 94 1s ampllﬁed
in a transmitter 96 and coupled to one of the first
power line conductors 23 of the primary distribution
network via a bidirectional coupler 97 which includes a

60 Hz blocking capacitor 98 and a matching trans-

former 100. The signal 1s usually coupled between one
of the line conductors and the common neutral return
or ground wire. The matching transformer 100 includes
a primary winding 102 and a secondary winding 104.
The signal from transmitter 96 is applied between a
predetermined tap on the primary winding 102 and
ground. The capacitor 98 and the secondary winding
104 are serially connected from one of the first power
line conductors 23 to ground. |

The modulated carrier is picked up by a unidirec-
tional coupler associated with each repeater, such as
unidirectional couplers 64 and 68. The unidirectional
couplers may be of the magnetic field type, and as
illustrated relative to coupler 68, may include a ferrite
rod antenna 110 having a coil 112 tuned by a capacitor

114 to the frequency of the interrogation signal, and an
amplifier 116. A suitable unidirectional coupler of the

magnetic field type is disclosed in co-pending applica-
tion Ser. No. 546,068, filed Jan. 31, 1975, which is
assigned to the same assignee as the present applica-

tion.
The amplified interrogation SIgnal prowded by each

10 _
tioned co-pending application Ser. No. 425,759, filed

Dec. 18, 1973. This application 1s hereby mcorpora.ted |
into the present application by reference. The change
in frequency prevents the transmitted signal from act-
ing as an input to receiver 120, and thus the gain of the.
transmitter may be selected without limitation due to

- feedback and oscillation problems. This mterrogatlon
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of the unidirectional couplers is applied to the mterro-

gation channel of its associated addressable repeater,
such as repeaters 60 and 62. Since each of the repeat-
ers are of like construction, only repeater 62 will be
described in detail.

Repeater 62 includes interrogation and response
channels, with the interrogation channel including a
receiver and demodulator 120. The receiver 120 may
be conventional, typically including a limiter for re-
moving noise from and amplifying the carrier signal,
and a demodulator circuit for producing a modulated
base band pulse width modulated interrogation logic
signal similar to the sagnal prowded by function 72.

The output of the receiver 120 is supplied to a senal

to parallel converter and decoder circuit 122 which
determines if the interrogation signal is destined for a
remote communication terminal associated with a load
connected to its associated distribution transformer. If
the repeater recognizes the signal and the parity
checks, it removes its address from the interrogation
signal IS1, it prepares a moditied mterrogatmn signal
[S2, the format of which is illustrated in FIG. 6, and it
applies the signal in parallel, base band logic form to a
parallel to serial converter, a pulse width modulator,
first and second frequency modulators, and an amplity-
ing transmitter, all shown generally at 124. The output
of the transmitter portion of block 124 is apphed to the
second power line conductors 51 via the bidirectional
coupler 70. The frequency band occupied by the inter-
rogation signal provided by the transmitter 1s non-over-
lapping with the frequency band of the signal received
by receiver 120, as described in the hereinbefore men-
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channel of repeater 62 is shown in greater detail in FIG.
3 .

modulated base band pulse width modulated interroga-
tion signal from receiver 120 to a low pass filter and
shaping circuit 126. The shaping circuit may be a
Schmitt trlgger or a binary logic switching circuit. This
serial signal is clocked into a serial to parallel shift
register 128 using the self locking format of the signal
for synchronization.

A suitable arrangement for providing shift signals for
shift register 128 may include a first one shot circuit
130, a shaper circuit 132, and a second one circuit 134,
The first one shot circuit 130, in response to the rising
level of the signal at the start of each bit is triggered to
provide a square wave which has a negative transition
at substantially the mid point of the bit. The shaper
circuit 132 perfects the form of the square wave, to
provide an output substantially as shown m FIG. 7
adjacent the legend “1st one shot”. The negative tran-
sition of the square wave output by the shaper 132
triggers the second one shot 134 to provide a shift
signal, as illustrated in FIG. 7, which occurs at substan-
tially the mid point of the bit. It will be remembered
that the mid point of each bit carries the original logic
signal, and thus the original logic signal, i.e., a logic one
or a logic zero, is clocked into the shift register. |

A sync bit at the logic one level precedes the serial
data word, the when this bit is clocked to the last stage
of the shift register, it is detected by a data ready detec-
tor 136. The output of the data ready detector 136
becomes true when it detects this bit, to denote that the
complete word has been received. |

A parity check circuit 138 checks to see if the se-
lected parity convention is met, and if the parity checks
the parity check circuit 138 provides a true output,
denoting that it considers the word to be error-free.

The parallel output of shift register 128 is applied to
inverter gates 140, and selected outputs of the shift
register 128 and of the inverter gates 140 are applied to
an address comparator 142. If the portion of the inter-
rogation signal which contains the repeater address
matches the unique address of repeater 62, comparator
142 outputs an equality or true signal.

The equality signal from comparator 142, the parity
signal from the parity check circuit 138, and the data
ready signal from the data ready detector 136 are all
applied to a gate 144. If these signals are all true, the
gate 144 provides an enable signal for the transmitter
124, and a timed enable, via timer 148, for its response
channel. | )

Transmitter 124 includes a parallel to serial shift
register 146, to which only the remote communication
terminal address and function identifier portions of the
interrogation signal IS1 are applied. When gate 144
provides an enable signal, a 180 Hz clock 148, a divide-
by-three counter 150 and gates 152 provide a serial

pulse width modulated binary signal, to which a parity
bit is added as necessary by a parity generator or calcu-
lator 154. This base band signal is subjected to the two
stage frequency modulation hereinbefore described by

More spec1ﬁcally, FIG. 3 illustrates applymg a de—.i_ o
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first and second modulators 156 and 158, respectively,
~and the signal 1s amplified and applied to bidirectional

coupler 70 by transmitter 160. Bidirectional coupler 70 -

is similar 1n construction to the bidirectional coupler
97, hereinbefore described, but since it is connected to
the secondary side of distribution transformer 26 its
components are selected with a lower voltage ratmg
- and are therefore less costly.

The format of the interrogation mgnal as modified by
 repeater 62, is illustrated in FIG. 6 as interrogation
signal IS2. Interrogation signal IS2 is applied to all of
the remote communication terminals connected to the
second power line conductors 31, such as remote com-
munication termmal 54 (FIG. 1) associated w1th load
52.

Remote communication terminal 54 includes a bidi-
rectional coupler and protector 162 connected to the
second power line conductors 51. A suitable coupler
for remote communication terminals is disclosed in

co-pending application Ser. No. 444,587 filed Feb. 21,

1974, which is assigned to the same assignee as the

present application. The interrogation signal picked up
by coupler 162 is applied to a receiver 164, which 1s
similar to receiver 120 of the repeater 62. Receiver 164

12

A plurality of comparators corresponding to the
number of automatic functions which may be per-
formed are provided for decoding the function identi-

fier portion of the interrogation signal IS2. For pur-
poses of example, it will be assumed that a comparator

198 identifies an automatic meter reading function, a
comparator 200 identifies a load control function, such
as control of an electric hot water heater, and a com-

~ parator 202 identifies an auxiliary control function,

10

such as a service disconnect function. A gate 204 and
flip-flop 206 are associated with the automatic meter
reading function, a gate 208 and flip-flop 210 are asso-
ciated with the hot water heater control function, and a

~ gate 212 and flip-flop 214 are assocmted with the auxﬂ— |

135

20

5 1ary function.

The outputs of the data ready detector 190, the par-

'1ty check circuit 192 and the remote address compara-

tor 196 are all applied to gates 204, 208 and 212. The
outputs of function comparators 198 200, 202, are

applied to gates 204, 208 and 212, respectively.

If the input signals to gate 204 are all true, flip-flop

206 will be set, providing a read signal for encoder 170
~and enable signals for the transmitter function illus-

25

demodulates the signal and applies it to a serial to par- -

allel converter and decoder circuit 166. If the interro-
gation signal received is addressed to this remote com-

munication terminal, the function identifier is decoded

and the requested function is performed. Optional
functions, such as controlling the on and off times of
electrical loads, are illustrated generally at 168. If the

30

requested function is to read a meter, such as an elec-

tric, gas or water meter, an encoder 170 is enabled

which applies the meter reading data, such as provided
by meter 56, to a parallel to serial converter, pulse

35

width modulator, first and second stages of frequency

“modulation, and an amplifying transmitter, all shown
generally at 172. The serialized response signal from
the transmitter portlon of the function shown at block
172, which occupies a frequency band which is non-
overlapping with the bands of signals IS1 and IS2, is
applied to the coupler and detector 162, which in turn
places the response signal on one of the second power
line conductors 51. |

FIG. 4 is a more detailed block and schematic dia-
gram of the remote communication terminal 54 shown
in FIG. 1. The modified interrogation signal IS2, after
demodulation in receiver 164, is directed to a low pass
- filter and shaper circuit 180 and then to a serial to
parallel shift register 182. The shift register 182 1s
clocked by the self clocking format of the demodulated
‘interrogation signal IS2, by utilizing a one shot circuit
184, a shaper circuit 186 and a one shot circuit 188, as
hereinbefore described relative to the clocking of shift

62. When the sync bit (a leading one) is clocked to the
last stage of shift register 182, a data ready detector
190 provides a true output, and if the parity checks, a
parity check circuit 192 provides a true output.
The parallel output of shift register 182 is apphied to
inverter gates 194, and the proper combination of out-
puts of the shift register 182 and the inverter gates 194,
“which correspond to the remote terminal address por-

tion of the modulated interrogation signal IS2, are ap-
plied to remote address comparator 196. If a remote
communication terminal 54 is uniquely addressed by
signal IS2, comparator 196 provides a true output.

40
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trated generally at 172. The encoder 170 may be of the

type described in U.S. Pat. No. 3,820,073 entitled

“Solid State Remote Meter Readlng System Having
Non-Volatile Data Accumulation” which 1s assigned to

‘the same assignee as the present application; or, any

other suitable encoder may be used. |
The encoder 170, when enabled by a read signal from
flip-flop 206 applies its count to a parallel to serial shift
register 216. The unique address of the remote commu-
nication terminal along with the function identifier are
also applied to the shift register 216. It would also be
suitable to apply the address of the repeater associated
with remote terminal 54 to shift register 216, but in the
preferred embodiment of the invention the repeater

-address is added to the response signal in the response.

channel of the repeater as will be hereinafter described.
The parallel input data to shift register 216 1s clocked
out, and a self clocking format is provided by a 180 Hz
clock 218, a divide-by-three counter 220 and gate 222.
A parity calculator 224 provides a parity bit when nec-
essary, and a transmitter 226 provides a two stage fre-
quency modulation, all as hereinbefore described rela-
tive to the transmitter portions of the central terminal
located at the substation, and the interrogation channel
of repeater 62. The format of the response signal is

- illustrated in FIG. 6 as signal RS1. It will be noted that

50
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register 128 in the interrogation channel of repeater
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signal RS1 includes the remote address, the function
identifier, and the meter reading data. The setting of
flip-flop 206 may initiate a timer which provides an
“end AMR?” signal to reset the flip-flop 206 after a
period of time SllfﬁCleIlt to carry out the meter reading
function. |

While the remote commumcatlon terminal i1s de-

scribed as providing the response signal with a self

clocking format, it would also be suitable to eliminate
the self clocking format from the response communica-
tion link. The interrogation and response control does
not require the self clocking format since it will usually
have a precision oscillator. The receiver channel of the
repeater 62, instead of clocking the data from a self
clocking format, may have a free running oscillator
which synchronizes itself with the lading sync bit of the
response signal. Once synchronized, even a low cost
oscillator will be accurate for checking the relatively
short data words involved.
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If the function identifier requested a load control
function, the inputs to gate 208 would all be true and
flip-flop 210 would be set to the state opposite to its
‘previous state, to turn off the water heater, or to enable
it to turn on in response to its temperature control.

If the function identifier requested the auxiliary func-
tion, the inputs to gate 212 would all be true and flip-
flop 214 would be set to the state opposite to its previ-

ous state, to provide the desired control signals for the

auxiliary function. =~
The setting of flip-flop 210 or flip-flop 214 may initi-
ate a response signal which is similar to response signal
to RS1, except it would not include meter reading data.
This response signal would indicate that the function
requested had been performed. ' |
Referring again to FIG. 1, the response signal RS1

10

15

applied to the second distribution power line conduc- |

tors 51 is picked up by the bidirectional coupler 70 and
applied to the receiver channel of repeater 62. The

receiver channel includes a receiver and demodulator -

230, and a serial to parallel inverter and decoder. If a
response is received from the remote terminal the re-

peater expects a response from, if the parity checks,

and if it is received within the predetermined period of
time set by the repeater for receiving a response, the

20

25

~ response signal is applied to a parallel to serial con-

verter, and a transmitter with the two stages of fre-
quency modulation, all indicated generally at 234.
Transmitter 234 adds the address of the repeater 62,
. changes the frequency band to one which is non-over-
lapping with signals IS1, IS2 and RS1, and applies the
modified response signal, indicated in FIG. 6 as signal
RS2, to the second power line conductor 51. This re-
sponse signal is sent back to the central communication

terminal through the distribution transformer 26, over

30
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‘the first power line conductors 23. It should be noted

‘that if the remote terminal 54 fails in a mode in which
it continuously transmits a signal RS2, that repeater 62

‘blocks this signal from the central communication ter-

minal. Thus, the failure of a remote communication

terminal will not tie up the whole communication sys-

tem. |
FIG. 5 is a more detailed block and schematic dia-

- 14
signal to its remote communication terminal. The
timed enable from timer 148 of the interrogation chan-
nel holds the information in latch 256 for a period of
time sufficient to receive a response from the interro-
gated remote communication terminal. If the address
of a remote communication terminal received in the
response signal is the same as the stored address, com-
parator 258 provides an equality or true output signal.

 The parallel output of shift register 242 is applied to

the parallel inputs of a parallel to serial shift register
262 through inverter gates 254, and the address of the
repeater, provided by block 263 is also applied to the
parallel inputs of shift register 262. o |

" The outputs of the data ready detector 250, the par-
ity check circuit 252, and the comparator 258 are all

applied to a gate 260, and if these outputs are all true,
gate 260 provides an enable signal for the shift register
262. When the enable signal is received, a clock 265
clocks the data from the shift register serially into a
gate 264. A parity generator or calculator 266 calcu-
lates the parity and inserts a bit when necessary into the
pate 264. The output of gate 264 is applied to first and
second modulators 268 and 270, respectively, and then

“to an amplifying transmitter 272, as hereinbefore de-
scribed. | .

The output of transmitter 272 is a_pplied to the bidi-
rectional coupler 70 shown in FIG. 1. It will be noted

“that the serial output signal from shift register 262 1s

not pulse width modulated, as the signal now being
prepared will be sent to the digital computer, which
does not require the self clocking format for synchroni-
zation purposes, as hereinbefore described. |
Returning now to FIG. 1, the modified response sig-
nal RS2, which is applied to the second power line
conductor 51 via the coupler 70, proceeds through the
distribution transformer 26 to the first power line con-
ductors 23. The modified response signal RS2 1s picked
up from the power line conductors 23 by the bidirec-

~ tional coupler 97 and applied to a receiver and demod- |

40

gram of the response channel of repeater 62. The serial

demodulated response signal RS1 from receiver 230 is
‘applied to a low pass filter and shaper circuit 240. The
output of the shaper circuit 240 is applied to the serial
input of a serial to parallel shift register 242. If the
response signal has a self clocking format it is utilized
by a one shot circuit 244, a shaper 246 and a one shot
circuit 248, to provide shift pulses for the shift register
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242, as hereinbefore described. If it does not have a self

clocking format, the leading sync bit would synchro-
nize an oscillator which clocks the shift register. When
the leading sync bit of the serial word is clocked to the
last stage of shift register 242, it is detected by a data
ready detector 250, which provides a true output to
indicate that a complete word has been received and Is
now stored in shift register 242. The parity of the word

is checked by the parity check circuit 252, and if the

parity checks the parity check circuit 252 provides a
true output. |

The parallel output of shift register 242 which corre-
sponds to the address of a remote communication ter-
minal is applied to one side of a comparator 258. The
other side of comparator 258 receives the address
which was stored in a latch 256 when the interrogation
channel of repeater 262 sends a valid interrogation

'IS1 prepared by control 14.

ulator circuit 280. The receiver 280 demodulates the
response signal and applies it to a data set interface
282, which is similar to the data set interface 74.
Modem 90 sends the signal to the central control sta-
tion over the telephone link, where it is received by
modem 76 and applied to the interrogation and re-
sponse control 14. This completes the interrogation
and response cycle initiated by the interrogation signal

In summary, there has been disclosed a new and
improved distribution network power line communica-
tion system which substantially reduces the complexity

of a communication terminal located at the remote

loads, by providing uniquely addressable repeaters at

~ each of a distribution transformers in the distribution
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system. The uniquely addressable repeaters each in-
clude storage and logic functions which remove its.

address from an interrogation signal, and it stores the
address of the remote communication terminal that it

expects to receive a reply from. It also initiates a timing

period within which it should receive a reply from the
remote communication terminal. When a reply 1s re-

- ceived, it is checked against the stored address. If the

65

reply is from the proper remote communication termi-
nal, and it is received within the predetermined time
period, the repeater adds its address to the response.
signal and sends it back to the interrogation source.

Each repeater is associated with a unidirectional cou-

~ pler adapted to pick up an interrogation signal from the
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‘primary side of a distribution transformer, and a bidi-
rectional coupler which is connected to the secondary

side of the distribution transformer. This arrangement
removes the distribution transformer as an impedance
source for the mterrogation signals, and it substantially
reduces the cost of the couplers required for each re-
peater by forcing the response signal back to the inter-
~ rogation source through the distribution transformer
-from its secondary to its primary side, which direction
- provides a lower attenuating impedance to the commu-

nication signal than the opposite direction through the

transformer. Further, the new and improved distribu-
tion power line carrier communication system provides
signals which have a self clocking format, making it
~unnecessary for the interrogating source to provide
timing and synchronization signals for use throughout
the system, and a new and improved two stage modula-
tion substantially reduces the drift problem associated
with prior art arrangements.

We claim as our Iinvention:

1. A power line communication system, comprising:

uniquely addressable repeater means,

uniquely addressable remote communlcatlon termi-
nals, |

'-'means providing an interrogation signal which in-

 cludes an address of a selected repeater means, and

an address of a selected remote communication
terminal, :

~ a first communication link including power line con-
ductors interconnecting said means which provides
said interrogation signal and said repeater means,

a second communication link including power line

conductors mterconnecting each repeater means
with certain of said remote communication termi-

- nals,

each of said repeater means, when uniquely ad-

dressed by said interrogation signal over said first
communication link, includes means for moditying
~ said interrogation signal by removing its address

. therefrom and for applying the modified interroga-

tion signal to its assoclated second communication
link,

each of said remote communication terminals, when

uniquely addressed by a modified interrogation
signal over its associated second communication
link, providing a response signal on said second
communication link,

and response receiving means for recetving the re-

sponse signal provided by an addressed remote
communication terminal.

2. The power line communication system of claim 1
wherein the response receiving means includes means
associated with the repeater means which is connected
~ to the second communication link associated with a
responding remote communication terminal, with the
response receiving means including means for modify-
ing the response signal by adding the unique address of
the associated repeater means to the response signal,
and for applying the modified response signal to the
first communication link, and wherein the response
receiving means also includes means connected to the
first communication link for receiving the modlﬁed
response signal. -

3. The power line communication system of claim 1
including a utility meter associated with each remote
communication terminal, and encoder means for trans-
lating the reading of said utility meter to a signal which
is incorporated into the response signal provided by the
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remote communication terminal when it 1s uniquely

“addressed by the modified interrogation signal. -

4. The power line communication system of claim 1
wherein the responding remote communication termi-
nal adds its unique address to the response signal.

5. The power line communication system of claim 1
wherein the responding remote communication termi-
nal adds its address and the address of its associated

- repeater means to the response signal.

10
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6. The power line communication system of claim 1
including means providing a plurality of automation
functions associated with each remote communication
terminal, and the interrogation signal includes a func-
tion identifier which selects the automation function to
be performed, and wherein the repeater means in-
cludes said function identifier in the modified interro-

- gation signal, and each remote communication signal

20

25

includes means for decoding the function identifier and
means for activating the identified function when the

remote communication terminal 1s uniquely addressed.

7. The power line communication system of claim 6
wherein the responding remote communication termi-
nal includes its address and function 1dent1ﬁer in 1its
response signal.

8. The power line communication system of claim 7

- wherein the response receiving means includes re-
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sponse modifying means associated with a repeater
means which is connected to the second communica-
tion link associated with a responding remote commu-
nication terminal, with said response modifying means
adding the address of the associated repeater means to
the response signal and applying the resulting modified
response signal to the first communication link, and
wherein the response receiving means includes means

for receiving the modified response signal.

9. The power line communication system of claim 1
including a distribution transformer associated with
each repeater means, with each distribution trans-
former interconnecting a power line conductor of the
first communication link with a power lire conductor
of a second communication hnk. | |

10. The power line communication system of claim 9
wherein each repeater means receives the interrogation
signal from the first communication link and applies
the modified interrogation signal to a second communt-
cation link, by-passing the associated distribution trans-
former.

11. The power line communication system of claim 1
wherein each repeater means includes means for recog-
nizing a valid response signal including means storing
the address of the remote communication terminal
included in an interrogation signal, each time the re-
peater means provides a modified interrogation signal,
the remote communication terminals of each include
means for including its own address In its response
signal, and wherein the response receiving means in-
cludes means at each repeater means for comparing
said stored address with the address of the remote com-
munication terminal in a response signal, means at each
repeater means for applying the response signal to the
first communication link when the addresses match,

indicating a valid response signal, and means for receiv-
ing the response signal over the first communication
link.

12. The power line communication system of claim
11 wherein each repeater means includes means for
- enabling the response receiving means associated with
a repeater for a predetermined period of time, follow-
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ing the application of a modified interrogation signal to
its assoclated second communication link, with the
predetermined period of time being selected to allow
sufficient time for the addressed remote communica-
tion terminal to provide a response signal. 3

13. The power line communication system of claim
11 wherein the response receiving means includes re-
sponse modifying means at each repeater means for
modifying a valid response signal received thereby by
adding the address of its associated repeater means to
the response signal, and applying the resulting modified
response signal to the first communication hink, and
wherein the response receiving means also includes
means remote from the repeater means associated with
the first communication link for receiving the modified 15
response signal. |

14. The power line communication system of claim 1
wherein the means providing the interrogation signal
and the repeater means include cooperative error 20
checking means whereby a repeater means only pro- ~
vides a modified interrogation signal when its portion
of the error checking means indicates the interrogation

signal is error-free. |

i5. The power line communication system of claim 1
wherein each remote communication termtnal and the
response receiving means each include cooperative
error checking means whereby the response receiving
means rejects response signals when its portion of the
error checking means indicates the response signal is 5,
not error-free.

16. The power line communication system of claim 1
wherein each remote communication terminal and 1ts
associated repeater means each Include cooperative
error checking means whereby the remote communica- 35
tion terminal rejects modified interrogation signals
when its portion of the error checking means indicates
the modified interrogation signal i1s not error-free.

17. The power line communication system of claim 1
including a distribution transformer associated with 49
each repeater means, with each distribution trans-
former interconnecting a power line conductor of the
first communication link with a power line conductor
of a second communication link, and wherein the re-
sponse receiving means includes means at each re- 45
peater means for receiving and recognizing a valid
response signal and for applying such valid response
signal to the first communication link, and means re-
mote from the repeater means for receiving the valid
response signal over the first communication link. 50

18. The power line communication system of claim 1
wherein the means providing an interrogation signal
includes means providing a logic signal having a plural-
ity of serial bits, and pulse width modulation means

10
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responsive to the logic format of said logic signal pro- 55

viding a serial signal having a self clocking format
which starts each bit with a like transition between first
and second signal levels, with the duration of the signal
at the second level being responsive to the logic level of
the associated bit of the logic signal. 60
19. The power line communication system of claim 1
wherein the means providing an mterrogatmn signal
includes means providing a base band signal 1n logic
format, and means providing first and second succes-
sive stages of modulation, with the first stage providing 65
a first modulated signal responsive to said base band
signal, and a second stage providing a second modu-
lated signal responsive to said first modulated signal.

18

20. The power line communication system of claim 1
wherein the means which provides an interrogation
signal includes means providing a multi-tone, two-stage
frequency modulated carrier.

21. The power line communication system of claim 1
wherein the means providing an interrogation signal

provides a base band signal, a two-tone modulated

signal responsive. to the base band signal, and a fre-
quency shift keyed modulated carrier signal responsive
to said two tone modulated 51gnal

22. The power line communication system of clalm 1

wherein the means providing an interrogation signal
provides a base band signal, a two-tone modulated

- signal responsive to the base band signal, and a fre-

quency modulated carrier signal responsive to said
two-tone modulated signal.

23. The power line communication system of claim 1
wherein the means providing an interrogation signal
provides a base band signal, a logic signal having a self
clocking format responsive to the base band signal, a
two-tone modulated signal responsive to the logic sig-
nal and a frequency modulated carrier responsive to
said two-tone modulated signal.

24. The power line communication system of claim 1
wherein the response receiving means includes re-
sponse receiving means associated with each repeater
means, and wherein each repeater means includes
means enabling its associated response receiving means
for a predetermined period of time following the appli-
cation of a modified interrogation signal to its asso-
ciated second communication link, with the predeter-
mined period of time being selected to allow sufficient
time for the uniquely addressed remote communication
terminal to provide a response signal. |

25. A power line communication system comprising:

first power line conductor means,

second power line conductor means,

dlstnbutlon transformer means mterconnectmg said

first and second power line conductor means,
electrical loads connected to sald second power line
conductor means,

uniquely addressable repeater means assoc:lated with

certain of said distribution transformer means,
uniquely addressable remote. communication termi-
nals associated with certain of said electrical loads,

a source of interrogation signals which provides an

interrogation signal having an address of a selected
repeater means and the address of a selected re-
mote communication terminal,

response receiving means,

means providing an mterrogatlon communication

link between said source of interrogation signals
and said remote communication terminals, includ-
ing said first power line conductor means, unidirec-
tional coupling means coupling said first power line
conductor means to said repeater means, bidirec-
tional coupling means coupling said repeater
- means to said second power line conductor means,
and means coupling each remote communication
terminal to said second power line conductor
means, |
means providing a response communication link be-
tween said remote communication terminal and
sald response receiving means, including said sec-
ond power line conductor means, said bidirectional
coupling means, said repeater means, said bidirec-
tional coupling means, said second power line con-
ductor means, said distribution transformer means,
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said first power line conductor means, and means
coupling said response receiving means to said first
power line conductor means, whereby each remote
communication terminal provides a response signal
for said response receiving means when it is ad-
dressed by an addressed repeater means, with the
interrogation communication link by-passing said
distribution transformer means while the response
communication link utilizes said distribution trans-
former means. |
26. The power line communication system of claim
- 25 wherein the repeater means, when uniquely ad-
dressed, includes means for modifying the interroga-
tion signal by removing its address therefrom, and
means for modifying the response signal by adding its
address thereto.
27. The power line communication system of claim
25 including a utility meter associated with each re-

mote communication terminal, and encoder means for-

- translating the reading of said utility meter to a signal
- which is incorporated in the response signal provided
by the remote communication terminal when 1t 1s
uniquely addressed by the interrogation signal.

28. The power line communication system of claim

25 wherein the responding remote communication

‘terminal adds its unique address to the response signal.
29. The power line communication system of claim
25 wherein the responding remote communication
terminal adds its address and the address of its asso-
ciated repeater means to the response signal.
30. The power line communication system of claim
25 including means providing a plurality of automation

functions associated with each remote communication

terminal, and the interrogation signal includes a func-
tion identifier which selects the automation function to
be performed, and wherein each remote communica-
“tion terminal includes means for decoding the tunction
identifier, and means for activating the identified func-
tion when the remote communication terminal is
uniquely addressed.

31. The power line communication system of claim
30 wherein the responding remote communtcation
terminal includes its address and function identifier 1n
“1ts response signal.

32. The power line communication system of claim
25 wherein each repeater means includes means for
recognizing a valid response signal including means
storing the address of the remote communication ter-
minal included in an interrogation signal, each time the
repeater means is uniquely addressed, each remote
communication terminal includes means for mcluding
its own address in its response signal, and wherein each
repeater means includes means for comparing said

stored address with the address of the remote commu-

" nication terminal in a response signal, and means at
each repeater means for applying the response signal to
the response communication link when the addresses
‘match, indicating a valid response signal.

33. The power line communication system of claim
32 wherein each repeater means includes means for
enabling its response receiving portion for a predeter-
mined period of time when it is uniquely addressed,
with the predetermined period of time being selected to
allow sufficient time for the addressed remote commu-
‘nication terminal to provide a response signal.

34. The power line communication system of claim

32 wherein each repeater means includes response
modifying means for modifying a valid response signal
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received thereby by adding the address of its associated
repeater means to the response signal, and for applying
the resulting modified response signal to the response
communication link. |

35. The power line communication system of clamm
25 wherein the source of interrogation signals and the
repeater means each include cooperative error check-
ing means whereby a repeater means only permits an
interrogation signal to be sent to its associated remote
communication terminals when its portion of the error
checking means 1ndlcates the interrogation signal is
error-free. |
- 36. The power line communication system of claim
25 wherein each remote communication terminal and
its associated repeater means each include cooperative
error checking means whereby the remote communica-
tion terminal rejects an interrogation signal when its
portion of the error checking means indicates the inter-
rogation signal 1s not error-free. |

-37. The power line communication system of claim
25 wherein the source of interrogaton signals includes
means providing a logic signal having a plurality of
serial bits, and pulse width modulating means respon-
sive to the logic format of said logic signal providing a
serial signal having a self clocking format which starts
each bit with a like transmission between first and sec-
ond signal levels, with the duration of the self clocking
signal at the second level being responsive to the logic
level of the associated bit of the logic signal.

38. The power line communication signal of claim 23

‘wherein the source of 1ntermgat10n signals Includes

means providing a base band signal in logic format, and
means providing first and second successive stages of
modulation, with the first stage providing a first modu-
lated signal responsive to said base band signal, and a -
second stage providing a second modulated signal re-
sponsive to said first modulated signal.

39. The power line communication system of claim
25 wherein the source of interrogation signals includes
means prowdmg a multl-tone two-stage frequency

- modulated carrier.

45

40. The power line communication system of claim
25 wherein the source of interrogation signals provides
a base band signal, a two-tone modulated signal respon-
sive to the base band signal, and a frequency shift

keyed modulated carrier signals responsive to said two-

- tone modulated signal.
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41. The power line communication system of claim
25 wherein the source of i interrogation signals provides
a base band signal, a two-tone modulated signal respon-
sive to the base band signal, and a frequency modulated
carrier signal responsive to said two-tone modulated
signal. |

42. The power line communication system of claim
25 wherein the source of interrogation signals provides
a base band signal, a logic signal having a self clocking

format responsive to the base band signal, a two-tone

modulated signal responsive to the logic signal, and a
frequency modulated carrier responsive to said two-
tone modulated signal. '

43. The power line communication system of claim
25 wherein each repeater means includes means en-
abling its response receiving portion for a predeter-
mined period of time after it has been umquely ad-
dressed by an interrogation signal, with the predeter-
mined period of time being selected to allow sufficient

~time for the uniquely addressed remote communication

termlnal to prowde a response 51gnal
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44. A power line communication system for transmit-
ting carrier signals over first and second distribution
network power line conductor means connected be-
tween a distribution network substation and a plurality
of distribution transformers, and between the distribu-
tion transformers and a plurality of electrical loads,
respectively, comprising: | |

uniquely addressable repeater means at certain of the

~ distribution transformers, |
means coupling each of said repeater means to the
first and second power line conductor means con-
“nected to the associated distribution transformer,
uniquely addressable remote communication termi-
nals at certain of the electrical loads,
~ means coupling each of said remote communication
terminals to the second power line conductor
means connected to the associated electrical load,
means providing an interrogation signal which in-
cludes first and second addresses for addressing a
selected repeater means and a selected remote
 communication terminal, respectively,

a central communication terminal at the substation
_providing a first modulated carrier signal on the
first power line conductor means responsive to said
‘interrogation signal, - |
~ said repeater means each including means for receiv-
ing and processing said first modulated carrier
signal, and when uniquely addressed by the first
address, for modifying the interrogation signal by
removing the first address therefrom and transmit-
ting a second modulated carrier signal responsive
to said modified interrogation signal over the sec-
ond power line conductor means it is coupled to,
said remote communication terminals each including
means for receiving and processing the second
modulated carrier signal and when uniquely ad-
dressed by the second modulated carrier signal
providing a response signal on the associated sec-
ond power line conductor means, |
said repeater means each including means for receiv-
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ing a response signal provided by an addressed
associated remote communication terminal, and

‘means for applying the response signal to the first
power line conductor means,
and means connected to the first power line conduc-
tor means for receiving the response signal.
45. The power line communication system of claim

45

44 wherein each repeater means includes means for -

modifying a response signal by adding its address

thereto. |
46. The power line communication system of claim

44 including a utility meter associated with each re-
mote communication terminal, and encoder means for
translating the reading of said utility meter to a signal
which is incorporated into the response signal provided
by the remote communication terminal when it 1s
uniquely addressed by the second modulated carrier
signal.

47. The power line communication system of claim
44 wherein the responding remote communication
terminal adds its unique address to the response signal.

48. The power line communication system of claim
44 wherein the responding remote communication
terminal adds its address and the address of its asso-
ciated repeater means to the response signal.

49. The power line communication system of claim
44 including means providing a plurality of automation
functions associated with each remote communication
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terminal, and the interrogation signal includes a func-
tion identifier which selects the automation function to
be performed, and wherein the repeater means in-
cludes said function identifier in the second modulated
carrier signal, and each remote communication termi-
nal includes means for decoding the function identifier
and means for activating the identified function when
the remote communication terminal is uniquely ad-
dressed. o _. |
50. The power line communication system of claim
49 wherein the responding remote communication
terminal includes its address and function identifier in
its response signal. - R
51. The power line communication system to claim
44 wherein each repeater means includes means for
recognizing a valid response signal including means

‘storing the address of the remote communication ter-

minal included in an interrogation signal each time the
repeater means provides a second modulated carrier
siganl, the remote communication terminals each in-
clude means for including its own address in its re-
sponse signal, and wherein each repeater means in-
cludes means for comparing said stored address with
the address of the remote communication terminal in a
response signal, and means for applying the response
signal to the second power line conductor means when

the addresses match, indicating a valid response signal.

52. The power line communication system of claim
44 wherein each repeater means includes means for
enabling its response receiving portion for a predeter-
mined period of time, following the generation of a
second modulated carrier signal, with the predeter-
mined period of time being selected to allow sufficient
time for the addressed remote communication terminal
to provide a response signal. '

53. The power line communication system of claim
44 wherein each repeater means includes response
modifying means for modifying a valid response signal
received thereby by adding its address to the response

signal. I

54. The power line communication system of claim
44 wherein the means providing the interrogation Sig-
nal and the repeater means each includes cooperative
error checking means whereby a repeater means only
provides a second modulated carrier signal when its
portion of the error checking means indicates the inter-
rogation signal is error-free. | |

55. The power line communication system of claim
44 wherein each remote communication terminal and
its associated repeater means each include cooperative
error checking means, whereby the remote communi-
cation terminal rejects second modulated carrier sig-
nals when its portion of the error checking means indi-
cates the signal is not error-free. e

56. The power line communication system of claim
44 wherein the means providing a first modulated car-
rier signal includes means providing a logic signal hav-
ing a plurality of serial bits, and pulse width modulator
means responsive to the logic signal providing a serial
signal having a self clocking format which starts each

bit with a like transition between first and second signal
levels, with the duration of the signal at the second
level being responsive to the logic leve! of the asso-

“ciated bit of the logic signal.

57. The power line communication signal of claim 44
wherein the means providing the first modulated car-
rier signal includes means providing a base band signal
in logic format, and means providing first and second




3.967,264

23

successive stages of modulation, with the first stage

providing a modulated signal responsive to said base -

band signal, and the second stage providing the first
modulated carrier signal responsive to said signal pro-
vided by the first stage.

58. The power line communication system of claim
44 wherein the central communication terminal which
provides the first modulated carrier signal includes

means for providing the first modulated carrier signal

in the form of a multi-tone, two-—stage frequency modu-
lated carrier.

- 89. The power line communication system of claim
44 wherein the central communication terminal which
provides the first modulated carrier signal includes
means providing a two-tone modulated signal respon-
sive to the interrogation signal, and a frequency shift
keyed modulated carrier signal responsive to said two-
tone modulated signal. |

- 60. The power line communication system of claim
- 44 whereln the means providing an interrogation signal
- provides a base band signal in logic format, and the
- central communication terminal includes means pro-
- viding a two-tone modulated signal responsive to the
“base band signal, and a frequency modualted carrier
- signal responsive to said two-tone modulated signal.

61. The power line communication system of claim

44 wherein the means providing an interrogation signal
provides a base band signal and a logic signal having a
~self clocking format responsive to the base band signal,
- and the central communication terminal includes
means providing a two-tone modulated signal respon-
sive to the logic signal, and a frequency modulated
carrier responsive to said two-tone modulated signal.
62. The power line communication system of claim
44 wherein each repeater means includes means en-
~ abling 1ts response receiving portion for a predeter-
mined period of time followmg the application of a
second modulated carrier signal to said second power
- line conductor means, with the predetermined period
of time being selected to allow sufficient time for the

uniquely addressed remote communication terminal to

provide a response signal.
63. A distribution network power line carrier com-

munication system for automatically and remotely

reading a utility meter, comprising;
a distribution substation,
a plurality of dlstrlbutlon transformers,
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a plurality of electrical loads,

first power line conductors interconnecting said dlS—
tribution substation with said plurality of distribu-
tion transformers, |

second power line conductors Interconnecting each
of said distribution transformers with certam of
said electrical loads, o

utility meter means assomated with certain of sald
electrical loads, o

encoder means for converting the reading of said
utility meter means to an electrical signal,

addressable repeater means associated with certain
of said distribution transformers, |

addressable remote communication terminal means -
assoclated with certain of said electrical loads, for
providing a response signal when addressed which
includes the signal from an associated encoder
means, |

a central communication terminal including means
for providing an interrogation signal which in-
cludes the address of a selected repeater means and
the address of a selected remote terminal means,
and means for receiving signals from said remote
communication terminal means,

means providing an interrogation commumcatlon
link, including said first and second power line

~conductors which extend from said central com-

munication terminal to said remote communica-
tion terminal means, and which by-passes said dis-
tribution transformer via their associated repeater
means,

said repeater means, when uniquely addressed by
said interrogation signal providing a modified inter- -
rogation signal for its associated remote communi-
cation terminals which omits the address of the
repeater means, -

said remote communication terminal, when unlquely
addressed by the modified interrogation signal pro-

- viding a response signal which includes the SIgnal

~ provided by its associated encoder means,

and means providing a response communication link
which extends from each remote communication
terminal means to the central communication ter-
minal, via its associated repeater means and its

associated distribution transformer means.
* = - < b S %k
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